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ScienceDirect
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Abstract 
7RGD\ IRU GHYHORSPHQW RI SURGXFW DQG SURGXFWLRQ FRPSXWHUDLGHG GHVLJQ DQG PDQXIDFWXULQJ &$'&$0 PDLQWDLQ D VLJQLILFDQW UROH LQ
LQWHUDFWLRQ DFWLYLWLHV EHWZHHQ KXPDQ DQG FRPSXWHUV 7KHPDMRU REMHFWLYH RI FRPSXWHUDLGHG WHFKQRORJ\ LV WR VLPSOLI\ HQJLQHHU¶V ZRUN LQ
FROOHFWLQJXVLQJDQGVKDULQJLQIRUPDWLRQVRWKDWKXPDQFDQPD[LPL]HWKHXVDJHRIWKHLUXQLTXHDELOLWLHVHJFUHDWLYLW\DQGLQQRYDWLRQ8VHU
H[SHULHQFHV8;ZLOOVXEVWDQWLDOO\GHWHUPLQHRXWFRPHVRIVXFK LQWHOOHFWXDOHQJLQHHULQJDFWLYLWLHVGXULQJKXPDQFRPSXWHU LQWHUDFWLRQ+&,
ZLWKWKH&$'&$0V\VWHPV8VDELOLW\LVDNH\IHDWXUHRIVRIWZDUHHUJRQRPLFDQGKDVEHHQVWDQGDUGL]HGDVDQLPSRUWDQWSURSHUW\RIVRIWZDUH
TXDOLW\&RQFHUQVIRUXVDELOLW\RIDOONLQGVRIRUGLQDU\VRIWZDUHLQWHUIDFHKDYHEHHQH[SUHVVHGE\DORWRIVWXGLHV(YDOXDWLRQLVDOZD\VDFHQWUDO
DFWLYLW\ZKHQSUDFWLFLQJXVDELOLW\LQDQLWHUDWLYHSURGXFWGHYHORSPHQWSURFHVV,WFDQEHH[SHFWHGWKDWHPSOR\PHQWRIXVDELOLW\HYDOXDWLRQIRU
&$'&$0ZLOOEHKLJKO\YDOXHGWRZDUGVDEHWWHUOHYHORI+XPDQ&RPSXWHU,QWHUDFWLRQ+&,1HYHUWKHOHVVUHVHDUFKHVLQYROYLQJXVDELOLW\LQ
WKLV SDUWLFXODU GRPDLQ DUH YHU\ UDUH 7KLV SDSHU UHYLHZV D OLPLWHG QXPEHU RI SXEOLFDWLRQVZLWK VXFK FRQFHUQV DQG LQYHVWLJDWHV WKH FXUUHQW
FRQWH[WRIXVHRI&$'&$0VRIWZDUH7KHQH[LVWLQJHYDOXDWLRQWHFKQLTXHVDUHLQWURGXFHGDQGGLVFXVVHGIRUWKHLUIHDVLELOLW\LQPDQXIDFWXULQJ
LQGXVWU\EDVHGRQSUHYLRXVVWXGLHV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRIWKH&,53WK'HVLJQ&RQIHUHQFH,QQRYDWLYH3URGXFW&UHDWLRQ
.H\ZRUGV&$'&$0+&,8VDELOLW\8VDELOLW\HYDOXDWLRQ8,
1. Introduction 
7HFKQRORJ\PDNHV VHQVHRQO\ZKHQ LW VHUYHVKXPDQEHVW
7UDGLWLRQDOWHFKQRORJ\KDVEHHQDXJPHQWLQJKXPDQ¶VSK\VLFDO
DELOLWLHVIRUWKRXVDQGVRI\HDUVZKLOHLQIRUPDWLRQWHFKQRORJ\
ZLOO DXJPHQW KXPDQ¶V LQWHOOHFWXDO DELOLWLHV VWDWHG E\ WKH
LQQRYDWRURIWKHSURMHFWWREXLOGWKHILUVWFRPSXWHU9DQQHYDU
%XVK>@1RPDWWHUKRZWHFKQRORJ\HYROYHVWKHHQGXVHUVRI
GLJLWDOV\VWHPVZLOOEHKXPDQDQGWKHXOWLPDWHGHPDQGRIWKH
V\VWHPV ZLOO EH VDWLVI\LQJ KXPDQ¶V UHTXLUHPHQWV %DVHG RQ
F\EHUSK\VLFDO V\VWHPV DQG ,QWHUQHW RI7KLQJV QHZFRQFHSWV
VXFK DV ,QGXVWU\  >@ FORXG PDQXIDFWXULQJ >@ DQG
,QGXVWULDO ,QWHUQHW >@SXWKLJK UHTXLUHPHQWVRQGLJLWDOL]DWLRQ
RIPDQXIDFWXULQJLQGXVWU\
7RGD\ &$'&$0 V\VWHPV VWLOO UHPDLQ DQ LPSRUWDQW UROH
DPRQJWKHWRROV IRUGLJLWDOPDQXIDFWXULQJDQGGLJLWDOIDFWRU\
DQGWDNHDPDMRUSDUWLQLQWHUDFWLRQDFWLYLWLHVEHWZHHQKXPDQ
DQG FRPSXWHUV LQPDQXIDFWXULQJ LQGXVWU\7KLV VLWXDWLRQZLOO
EH VWUHQJWKHQHG IXUWKHU GXH WR HYROYHPHQW WRZDUGV D KLJK
OHYHORIIOH[LELOLW\LQWKHPDQXIDFWXULQJLQGXVWU\>@+RZHYHU
LQ DFDGHPLD DQG LQGXVWU\ LW LV GLIILFXOW WR ILQG D JHQHUDOO\
DFFHSWHG GHILQLWLRQ UHJDUGLQJ &$'&$0 DQG WKH RQHV LQ
&,53(QF\FORSHGLD>@DUHDGRSWHG LQ WKLVDUWLFOHJLYHQ LWV
OHDGLQJDXWKRULW\LQWKLVGRPDLQ

&RPSXWHUDLGHGGHVLJQ&$'LVWKHXVHRIDZLGHUDQJHRI
FRPSXWHUEDVHG WRROV WKDW DVVLVW HQJLQHHUV DUFKLWHFWV DQG
RWKHUGHVLJQSURIHVVLRQDOVLQWKHLUGHVLJQDFWLYLWLHV

&RPSXWHU$LGHG0DQXIDFWXULQJ &$0 FDQ EH GefiQHG DV
WKHHIIHFWLYHXWLOL]DWLRQRIFRPSXWHUVLQPDQXIDFWXULQJ>@

&XUUHQW LPSOHPHQWDWLRQ RI &$'&$0 PDLQO\ FRQFHUQV
IXQFWLRQDOLWLHVRIVRIWZDUHV\VWHPVLHWKHDELOLW\WRPHHWWKH
XVHUV¶ QHHGV 1HYHUWKHOHVV D FRPSOHWH PL[WXUH RI IXQFWLRQV
FDQQRW VLPSO\ DFKLHYH D VXFFHVVIXO HQJLQHHULQJ SURFHVV IRU
SURGXFWDQGSURGXFWLRQGHYHORSPHQWZLWKRXWFRQFHUQIRUKRZ
LW ZRUNV WR HUJRQRPLF H[SHULHQFHV RI HQG XVHUV :KHQ
SRZHUIXO IXQFWLRQV DUH GHYHORSHG IRU VRSKLVWLFDWHG
HQJLQHHULQJ DFWLYLWLHV XVHUV RIWHQ HQFRXQWHU WURXEOHV WR
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YLVXDOL]H XQGHUVWDQG DQG PDQLSXODWH WKH IXQFWLRQV WKURXJK
GHVLJQHG LQWHUDFWLRQ SDWWHUQV &$'&$0 LV VXSSRVHG WR
VLPSOLI\ HQJLQHHUV¶ WDVNV LQ FROOHFWLQJ XVLQJ FUHDWLQJ DQG
VKDULQJ LQIRUPDWLRQ EXW LQWHUIDFH GHVLJQHG ZLWKRXW
FRQVLGHUDWLRQ RI XVDELOLW\ RIWHQ UHVXOWV LQ XQVDWLVILHG
H[SHULHQFHVDQGOLPLWHGRXWFRPHV6XFKLVVXHVFDQOHDGWRORZ
SURGXFWLYLW\ WLPHFRQVXPLQJ WUDLQLQJ DQG GHSOR\PHQW
SURFHVVHVXQVDWLVILHGXVHUVDQGVDIHW\ULVNV
7KXVDZD\WRLPSURYHSHUIRUPDQFHRI&$'&$0V\VWHPV
IURP WKH YLHZSRLQW RI +&, VKRXOG EH H[SORUHG:KHWKHU DQ
LQWHUDFWLYHV\VWHPLVXVDEOHIRUKXPDQDQGWRZKLFKH[WHQWWKH
V\VWHP LV XVDEOHPDNHV DQ LPSRUWDQW SURSHUW\RI WKH V\VWHP
7KHSURSHUW\ LV FDOOHGXVDELOLW\ DQG H[LVWV FORVHO\ZLWKRWKHU
WHUPVVXFKDVHDVHRIXVHXVHU IULHQGOLQHVVXVHUH[SHULHQFHV
DQG TXDOLW\ LQ XVH LQ GLIIHUHQW UHVHDUFK DUHDV ,62 
 >@ GHILQHV XVDELOLW\ IURP WKH SHUVSHFWLYH RI
VRIWZDUHHUJRQRPLFV

([WHQWWRZKLFKDV\VWHPSURGXFWRUVHUYLFHFDQEHXVHGE\
VSHFLILHG XVHUV WR DFKLHYH VSHFLILHG JRDOV ZLWK HIIHFWLYHQHVV
HIILFLHQF\DQGVDWLVIDFWLRQLQDVSHFLILHGFRQWH[WRIXVH

)URP WKH SHUVSHFWLYH RI VRIWZDUH SURGXFW >@ ,62,(&
>@DGRSWVWKLVGHILQLWLRQRIXVDELOLW\DVHLWKHUD
VXEVHWRITXDOLW\LQXVHRUDPDLQFKDUDFWHULVWLFLQLWVSURGXFW
TXDOLW\ PRGHO %RWK ,62 VWDQGDUGV DJUHH WKDW XVDELOLW\ LV
GHILQHG DV WKH GHJUHH RI HIIHFWLYHQHVV HIILFLHQF\ DQG
VDWLVIDFWLRQDQGLVDIIHFWHGE\WKHRSHUDWLRQDOFRQWH[WVXFKDV
XVHUVWDVNVHQYLURQPHQWWHFKQRORJLHVDQGVRIWZDUHLQWHUIDFH
>@7KHGHVLJQRILQWHUIDFHLVPHUHO\RQHDVSHFWRIXVDELOLW\
DQDO\VLV>@
7R HQDEOH KXPDQFHQWHUHG LQWHUDFWLYH V\VWHPV XVDELOLW\
HYDOXDWLRQ LV D FHQWUDO DFWLYLW\ WR OLQN RWKHU VWDJHV RI GLJLWDO
SURGXFW GHYHORSPHQW HJ UHTXLUHPHQWV VSHFLILFDWLRQ
SURWRW\SLQJ GHVLJQ DQG LPSOHPHQWDWLRQ >@ 7KH
IXQGDPHQWDO JRDO RI WKH XVDELOLW\ HYDOXDWLRQ LV WR FKHFN
ZKHWKHU DQ LQWHUDFWLYH V\VWHP LV XVDEOH LH XVDELOLW\
UHTXLUHPHQWVDUHUHDFKHG7KHHYDOXDWLRQFDQEHSHUIRUPHGE\
V\VWHP YHQGRUV RU UHVHDUFKHUV ZLWK RSWLRQDO SDUWLFLSDWLRQ RI
WDUJHW XVHUV ,W FDQ KDSSHQ WKURXJK DOO VWDJHV RI WKH SURGXFW
OLIHF\FOH RI VRIWZDUH V\VWHPV ZLWK GLIIHUHQW SXUSRVHV $
JHQHUDO SURFHGXUH LQFOXGHV UHTXLUHPHQWV VSHFLILFDWLRQ
HYDOXDWLRQ SODQQLQJ FRQGXFWLQJ GDWD DQDO\VLV DQG
LQWHUSUHWDWLRQ $ GHOLYHU\ ZLOO LQFOXGH XVDELOLW\ SUREOHPV
H[SODQDWLRQ RI WKH SUREOHPV DQG VXJJHVWHG VROXWLRQV %DVHG
RQ XVDELOLW\ HYDOXDWLRQ GHVLJQ SULQFLSOHV DQG JXLGHOLQHV FDQ
EHJHQHUDWHGIRUSURGXFWVLQDFHUWDLQW\SHRIFRQWH[W
(VSHFLDOO\ IRU &$'&$0 WKHUH DUH D SOHQW\ RI H[LVWLQJ
SURGXFWV LQ XVH DQG XVDELOLW\ HYDOXDWLRQ FDQ KHOS YHQGRUV WR
LGHQWLI\SUREOHPVDQGKHOSXVHUVLQPDQXIDFWXULQJLQGXVWU\ WR
VHOHFW LGHDO SURGXFWV ,W FDQ EH LPDJLQHG WKDW &$'&$0
EULQJVDFKDOOHQJHRIXVDELOLW\HYDOXDWLRQ6HYHUDOUHVHDUFKHUV
KDYHLGHQWLILHGDQGGLVFXVVHGUHODWHGSUREOHPVZKLFKZLOOEH
WKH VHFRQG SDUW RI WKLV DUWLFOH $ V\VWHPDWLF YLHZ WR SXW
&$'&$0 XQGHU WKH PLFURVFRSH RI +&, KDV QHYHU EHHQ
UHDFKHG7KHUHIRUH WKHFRQWH[WRIXVHRI&$'&$0VRIWZDUH
LV DQDO\]HG LQ WKH WKLUG VHFWLRQ 7KHQ H[LVWLQJ HYDOXDWLRQ
PHWKRGVDQG WKH IHDVLELOLW\ZLOOEHGLVFXVVHGEDVHGRQ IRXQG
OLWHUDWXUHVLQWKHIRXUWKVHFWLRQ
2. Usability in CADCAM 
&RPSDUHG ZLWK RWKHU GRPDLQV H[WHQVLYHO\ FRQFHUQHG E\
WKH +&, FRPPXQLW\ HJ ZHE GHVLJQ RIILFH SURGXFWLYLW\
VRIWZDUH *36EDVHG QDYLJDWLRQ DQG PRELOH DSSOLFDWLRQV
UHVHDUFK UHVXOWVDUHYHU\ UDUH UHODWHG WRHQJLQHHULQJDFWLYLWLHV
LQPDQXIDFWXULQJ LQGXVWU\DQGPRUHVSHFLILFDOO\&$'&$0
0RVW RI WKH IRXQG OLWHUDWXUHV ZHUH SXEOLVKHG LQ V DQG
VZKHQERWK DUHDV DUH DPDWHXU DQG FORVH WR HDFK RWKHU
6XFK SXEOLFDWLRQV LQ WKLV KLJKO\ LQWHUGLVFLSOLQDU\ WRSLF DUH
XVXDOO\ LVRODWHG LQ GLIIHUHQW DVSHFWV RI FRQWH[W HJ
SHUIRUPDQFH GLPHQVLRQV DQG XVHU PRGHOV $FFRUGLQJO\ D
FRPSOHWHSLFWXUHLVGLIILFXOWWRREWDLQZLWKWKHOLPLWHGSUHYLRXV
ZRUN(VSHFLDOO\IRU&$0V\VWHPVXVDELOLW\PD\EHWKHOHDVW
IRU FRQVLGHUDWLRQ ZLWK PRUH DUJXPHQWV RQ IXQFWLRQDOLWLHV
UHJDUGLQJ LQIRUPDWLRQ PRGHOLQJ V\VWHP LQWHJUDWLRQ IHDWXUH
UHFRJQLWLRQ HWF >@ 7RGD\ DQ DWWHPSW RI FODULI\LQJ WKLV
LQWHUGLVFLSOLQDU\ WRSLF EHFRPHV PRUH FKDOOHQJLQJ ZKHQ
FRQFHSWV UHJDUGLQJ &$'&$0 DQG XVDELOLW\ DUH GHYHORSHG
GHHSO\IRUKDOIDFHQWXU\EXWLQGHSHQGHQWO\ZLWKHDFKRWKHU
6WLOO LW LV HDV\ WRREVHUYH WKDWPDQXIDFWXULQJ LQGXVWU\KDV
EHHQ UDGLFDOO\ EHQHILWLQJ IURP WKH GHYHORSPHQW RI+&, 7KH
KLVWRU\ RI FRPSXWHUDLGHG WHFKQRORJ\ IRU HQJLQHHULQJ
DFWLYLWLHV LQ PDQXIDFWXULQJ LQGXVWU\ FDQ EH GDWHG EDFN WR
V ZKHQ UHVHDUFKHUV LQ XQLYHUVLWLHV >@ DQG FRUSRUDWHV
>@ VWDUWHG WR UHFRJQL]H WKH SRZHU RI GLJLWDO FRPSXWLQJ LQ
DLGLQJKXPDQ¶VWDVNVRIGHVLJQDQGGHYHORSPHQW$IWHUZDUGV
LQIRUPDWLRQWHFKQRORJ\SOD\VDPRUHDQGPRUHLPSRUWDQWUROH
LQ DVVLVWLQJ KXPDQ WR SHUIRUP PRUH W\SHV RI HQJLQHHULQJ
DFWLYLWLHV 0HDQZKLOH WKH GHYHORSPHQW RI FRPSXWHUUHODWHG
WHFKQRORJ\ LQ D EURDGHU VFRSH KDV FKDQJHG RXU GDLO\ OLIH
FRQVLGHUDEO\ VLQFH LWV ELUWK 7KH FRPPXQLW\ RI +&, GHYRWHV
GHFDGHV¶HIIRUWV WRPDNHFRPSXWHUVPRUHXVDEOHDQGIULHQGO\
LQWKLVELJVFRSHZLWKYDULRXVFUXFLDOFRQWULEXWLRQVWKDWSHRSOH
DUH WDNLQJ IRUJUDQWHG WRGD\ HJPRXVH >@ZLQGRZV >@
DQG+\SHU7H[W >@ 'HVNWRSPRELOH DQG ZHDUDEOH GHYLFHV
ZLWKHYROYLQJ,2WHFKQLTXHVDUHFKDQJLQJWKHHFRORJ\RI+&,
,QGLUHFWO\ HQJLQHHUV DOVR HQMR\ WKHVH IUXLWIXO FRQWULEXWLRQV
:LWKVXFKUHOHYDQWWHFKQRORJLHVDQGLQWHUDFWLYHVW\OHV&$'LV
VWLOO FRQVLGHUHGDVDQ LPSRUWDQWFRQWULEXWLRQ LQ WKHKLVWRU\RI
WKH+&,VRFLHW\>@
+RZHYHUIHZ+&,UHVHDUFKHUVKDYHSDLGPXFKDWWHQWLRQWR
&$'&$0 DQG RWKHU UHODWHG FRPSXWHU DLGHG WHFKQRORJLHV LQ
PDQXIDFWXULQJ LQGXVWU\ 7KH QHJOHFW LV UHDVRQDEOH GXH WR D
UHODWLYHO\ VPDOO JURXS RI XVHUV DQG D FRQVLGHUDEO\ KLJK
UHTXLUHPHQW RQ NQRZOHGJH FRPSDUHG ZLWK RWKHU DSSOLFDWLRQ
GRPDLQV)RUSURMHFWVDSSO\LQJXVDELOLW\HYDOXDWLRQ LQ VXFKD
FRPSOH[GRPDLQ&KLODQDHWDO>@SRLQWHGRXWWKDW WKHNH\
FKDOOHQJH ZDV D ODFN RI GRPDLQ H[SHUWLVH UHODWHG WR WKH
FRPSOH[ V\VWHPV ZKLFK PDGH PDQDJHUV DQG GHYHORSHUV
UHOXFWDQW WR WUXVWXVDELOLW\H[SHUWV$VLJQLILFDQWSKHQRPHQRQ
LV WKDW VRIWZDUH YHQGRUV WHQG WR WUXVW FXVWRPHUV UDWKHU WKDQ
XVDELOLW\H[SHUWV>@+HQFHLWLVUHFRPPHQGHGIRUDSURMHFW
ZLWK D IRFXV RQ XVDELOLW\ HYDOXDWLRQ WR FROODERUDWH ZLWK
PDQXIDFWXULQJFRPSDQLHVLQWKLVDUHD
$ OLPLWHG QXPEHU RI UHVHDUFKHV SUHVHQWHG LVVXHV DQG
VROXWLRQV RQ WKH HUJRQRPLF SHUVSHFWLYH RI &$' V\VWHPV
/XF]DNHWDOSURSRVHGWKHLURSLQLRQVRQHUJRQRPLFVLQ&$'
V\VWHPV LQ WZR HGLWLRQV >@ZKLFK LPSOLHG D VXEVWDQWLDO
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GLVWLQFWLRQRIHQJLQHHULQJDFWLYLWLHVGXHWRLWVFKDUDFWHUL]DWLRQ
DVPDLQO\LQDKLJKHUOHYHORIFRJQLWLYHFRQWUROLQLQIRUPDWRU\
ZRUN LH NQRZOHGJHEDVHG SURFHVVHV >@ 6XFK SURFHVVHV
PD\IUHTXHQWO\LQYROYHSUREOHPVROYLQJDQGGHFLVLRQPDNLQJ
DFWLYLWLHV ZKLFK IXQGDPHQWDOO\ GLIIHU IURP UXOHEDVHG DQG
VNLOOEDVHG SURFHVVHV $ EDVLF GHPDQG IRU WKH H[WHQVLYH
NQRZOHGJHEDVHG SURFHVVHV LV WKDW WKH GHVLJQ RI LQWHUDFWLRQ
VKRXOG EH FRJQLWLYHO\ FRPSDWLEOH ZLWK XVHUV¶ PHQWDO PRGHO
HJ IHDWXUHV UHSUHVHQWLQJ FKXQNV DV LQIRUPDWLRQ FOXVWHUV WR
IRUP HQJLQHHUV¶ NQRZOHGJH >@ ,Q WKH &,53 FRPPXQLW\
+DWYDQ\ DQG 6WRQH H[SUHVVHG WKHLU FRQFHUQV DERXW XVHU
IULHQGOLQHVV RI &$' V\VWHPV LQ  >@ 0RVW RI WKH
SURSRVHGSULQFLSOHV IRU&$'ZHUHFRLQFLGHQWDOO\ LQFOXGHG LQ
WKH1LHOVHQ¶VKHXULVWLFV >@EXWZHUHDOVRVSHFLDOL]HGIRU
HQJLQHHULQJWDVNV9LVLELOLW\RIV\VWHPVWDWXVIUHHGRPRIXVHU
FRQWUROV IOH[LELOLW\ DQG HIILFLHQF\ ZHUH SULRULWL]HG LQ WKH
&$' EDVHG UHVHDUFK HVSHFLDOO\ ZKHQ LW FDPH WR XVDJH RI
PDQXDOVVHQVLWLYLW\DQDO\VLVDQGLPSDVVHV>@
$FFRUGLQJ WR >@ %X[WRQ >@ SURSRVHG D ILYHOD\HU
PRGHO WR GHVFULEH D FODVVLILFDWLRQ SUREOHP GRPDLQ RI +&,
VWXGLHVFRQFHSWXDOVHPDQWLFV\QWDFWLFOH[LFDODQGSUDJPDWLF
7UDGLWLRQDOXVDELOLW\VWXGLHVKDYHEHHQXVXDOO\FRQGXFWHGZLWK
WKHIRFXVRQWKHODWWHUWKUHHOHYHOV LHV\QWDFWLF OH[LFDODQG
SUDJPDWLF ZKLFK ZDV DWWDFNHG E\ $OEHUV 0 >@ DV
LQVXIILFLHQW IRU FRPSOH[ LQIRUPDWLRQ V\VWHPV ZKHUH WKH
FRQFHSWXDO DQG VHPDQWLF OD\HUV GRPLQDWHG WKH RYHUDOO
SHUIRUPDQFH:KHQVRIWZDUHVXFKDV&$'&$0LVGHYHORSHG
DQGXVHGIRUFRPSOH[ WDVNVXVDELOLW\H[SHUWVPD\ILQGWKDWLW
LV FRQYHQLHQW WR GLYLGH D FRPSOH[ V\VWHPWDVN LQWR
FRPSRQHQWVVXEWDVNV DQG RQO\ LQYHVWLJDWH WKHP LQGLYLGXDOO\
$VVXPSWLRQVKDYHWREHPDGHWKDWDVHWRIXVDEOHFRPSRQHQWV
LQGLFDWHVDXVDEOHV\VWHP$GHTXDF\RIVXFKDVVXPSWLRQVKDV
EHHQDUJXHGE\>@$KLJKGLYHUVLW\RIWDVNSDWKVPDNHV
LW LPSRVVLEOH WR DFKLHYH D FRPSUHKHQVLYH XQGHUVWDQGLQJ RU
SUHGLFWLRQ RI WKH LQWHUDFWLRQ SDWWHUQV >@ +HQFH LQ WKH
VHPDQWLFDQGFRQFHSWXDOOD\HUV$OEHUV>@UHTXLUHGXVDELOLW\
VWXGLHV¶ IRFXV RQ UHDVRQLQJ RI SDWK VHOHFWLRQ SUHGLFWLQJ
XQXVXDOVFHQDULRV>@DYRLGLQJRYHUORDGHGLQIRUPDWLRQ>@
KDQGOLQJ PHQWDO PRGHOV >@ DQG GHOLYHULQJ FRQWH[WXDO
DZDUHQHVV>@
3. Context of use for CADCAM systems 
,QWKHILHOGRI+&,XVDELOLW\VKRXOGQHYHUEHWUHDWHGDVDQ
LQWULQVLFSURSHUW\RI LQWHUDFWLYHV\VWHPV$QHQWLUHFRQWH[WRI
XVH VKRXOG EH REVHUYHG DQDO\]HG DQG WXQHG WR DFKLHYH DQ
DFFHSWDEOH OHYHO RI XVDELOLW\ DQG HYHQWXDOO\ DQ DFFHSWDEOH
OHYHORIXVHUH[SHULHQFH>@)LJLOOXVWUDWHVEDVLFHOHPHQWV
RI LQWHUDFWLRQ DFWLYLWLHV )RU HQG XVHUV DQG RWKHU W\SHV RI
VWDNHKROGHUV WKH XVHU LQWHUIDFH 8, LV HTXLYDOHQW WR WKHVH
W\SHV RI LQWHUDFWLYH GLJLWDO V\VWHPV >@7KHUHIRUH LQWHUIDFH
GHVLJQHUV VKRXOG IRFXV RQ ILWWLQJ WKH LQWHUDFWLYH V\VWHP LQWR
WKHFRQWH[WZKHUHLWLVRSHUDWHG>@ 7KHIROORZLQJSDUWZLOO
UHYLHZ UHODYDQW VWXGLHV DQG GLVFXVV WKH RSHUDWLRQDO
FKDUDFWHULWLFV RI XVHUV NQRZOHGJH WDVNV LQWHUDFWLRQ DQG
HQYLURQPHQWVHSDUDWHO\LQWKHSDUWLFXODUFRQWH[WRIXVH

)LJ)RUWKHXVHUV8,LVWKHV\VWHPVPRGLILHGEDVHGRQ>@
$ PDMRU HOHPHQW RI WKLV FRQWH[W LV XVHUV DQG NQRZOHGJH
WKH\ SRVVHVV ZKLFKPDNHV &$'&$0 VLJQLILFDQWO\ GLIIHUHQW
IURP FRPPRQ VRIWZDUH RU ZHE DSSOLFDWLRQV WKDW XVDELOLW\
H[SHUWV XVXDOO\ KDQGOH ,Q VXFK D FRPSOH[ GRPDLQ +&,
VWXGLHV VXIIHU IURP GRPDLQVSHFLILF WHUPLQRORJ\ XQLTXH
VLWXDWLRQV OLPLWHG DFFHVV WR H[SHUWLVH UHOXFWDQFH WR H[WHUQDO
SURIHVVLRQDOV HWF >@ 5DVPXVVHQ >@ FDWHJRUL]HG KXPDQ
EHKDYLRUVLQWRWKUHHOHYHOVVNLOOUXOHDQGNQRZOHGJHEDVHG
EHKDYLRUVDQGLGHQWLILHGWKDWLVVXHVUHODWLQJWRVNLOOVDQGUXOHV
ZHUH W\SLFDOO\ LQ +&, VWXGLHV¶ FDUH ZKLOH NQRZOHGJHEDVHG
EHKDYLRUVZDVDVLJQLILFDQWUHVHDUFKJDSIRUFRPSOH[GRPDLQV
7KH EHKDYLRU SDWWHUQV FDQ EH HDVLO\ PDSSHG WR D WKHRU\ RI
NQRZOHGJH FRQWLQXXP )LJ  >@ ,Q WKLV FRQWLQXXP
H[SHUWLVHNQRZOHGJHLVPRVWVSHFLILFUHODWHGZLWKSURIHVVLRQV
DQG XVHG OHDVW IUHTXHQWO\ ,GHDOO\ ORZHU OHYHOV RI WKH
FRQWLQXXP VKRXOG EH UHFRPPHQGHG VR WKDW D ORZHU OHYHO RI
XVHUV¶ FRJQLWLYH ORDGV FDQ EH JXDUDQWHHG GXULQJ LQWHUDFWLRQ
0HDQZKLOHXVDELOLW\H[SHUWVFDQHDVLO\HYDOXDWHDQDO\]HDQG
GHVLJQIRUDQ\VRIWZDUHGRPDLQZKHQOHVVVSHFLILFNQRZOHGJH
GRPLQDWHVLQWHUDFWLRQ+RZHYHUGXULQJHQJLQHHULQJDFWLYLWLHV
XVDJH RI GRPDLQVSHFLILF H[SHUWLVH NQRZOHGJH FDQQRW DQG
VKRXOG QRW EH DYRLGHG HVSHFLDOO\ IRU FRQYHQLHQFH RI
H[SHULHQFHG XVHUV >@ ,W LV UHDVRQDEOH EHFDXVH PRVW DLGV
IURPFRPSXWHUVVWLOODFWVLPLODUO\WRWKHLUDQFHVWRUVLHSDSHU
DQG SHQ DV UHFRUGHUV IRU VROXWLRQV >@0DMRU IXQFWLRQV RI
&$'&$0FRLQFLGHZLWKZKDWFDQEHREVHUYHGE\WUDGLWLRQDO
GHVLJQVNHWFKHVH[WHUQDOPHPRU\DVVRFLDWLRQZLWKQRQYLVXDO
LQIRUPDWLRQ DQG SK\VLFDO VHWWLQJV RI WKH GHVLJQ UHVXOWV >@
$FFRUGLQJO\ GHVLJQ RI ,7 V\VWHPV VKRXOG WDNH LQWR DFFRXQW
WKH WUDGLWLRQDO FRJQLWLYH VLWXDWLRQ RI HQJLQHHUV DQG UHDFK D
EDODQFHLQPXOWLSOHOHYHOVRIWKHNQRZOHGJHFRQWLQXXP


)LJ&RQWLQXXPRINQRZOHGJHPRGLILHGEDVHGRQ>@
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
)LJ7DVNVSHUIRUPHGZLWK&$'&$0V\VWHPVPRGLILHGEDVHGRQ>@
7RGD\ &$'&$0 VRIWZDUH LV H[HFXWLQJ FRUH WDVNV RI
LQIRUPDWLRQ V\VWHPV IRU GLJLWDO IDFWRU\ DQG GLJLWDO
PDQXIDFWXULQJ ,Q DFDGHPLD RI PDQXIDFWXULQJ HQJLQHHULQJ
PDQ\GHILQLWLRQVDUHJLYHQIRULQIRUPDWLRQV\VWHPVSURYLGLQJ
GLJLWDO SUHSDUDWLRQ RI SURGXFWV DQG SURGXFWLRQ HJ
HQJLQHHULQJ LQIRUPDWLRQ V\VWHPV >@ &RPSXWHU ,QWHJUDWHG
0DQXIDFWXULQJ &,0 >@ DQG YLUWXDO SURGXFW GHYHORSPHQW
>@ 3UHFLVH XQLILFDWLRQ FDQQRW EH UHDFKHG WR FODULI\ WKH
WHUPLQRORJ\ZKLFKOHDGVWRDZLGHGLYHUVLW\ZKHQLWFRPHVWR
WKH FDWHJRUL]DWLRQ RI QXPHURXV &$[ &RPSXWHU$LGHG
WHFKQRORJ\ VRIWZDUH V\VWHPV HJ &$' &$0 &$(
&RPSXWHU$LGHG (QJLQHHULQJ &$33 &RPSXWHU$LGHG
3URFHVV 3ODQQLQJ DQG &$4 &RPSXWHU$LGHG 4XDOLW\
DVVXUDQFH 2QH W\SLFDO H[DPSOH RI WKH UROHV RI &$'&$0
ZLWKEULHIGHVFULSWLRQRI UHOHYDQW WDVNVZDVSURYLGHGE\=HLG
>@ZKLFK LGHQWLILHG D EURDG VFRSH HYHQ LQFOXGLQJ WDVNV RI
PDQ\RWKHUNLQGVRI&$[V\VWHPVGHILQHGE\DFDGHPLD)LJ

1R PDWWHU ZLWK &$' RU &$0 LQWHUDFWLRQ KDV URRWV LQ
WUDGLWLRQDO GHVLJQ DFWLYLWLHV ZKLFK DUH D FHQWHU SDUW RI
HQJLQHHULQJ WDVNV3V\FKRORJLVWV KDYHEHHQVWXG\LQJSDWWHUQV
RI GHVLJQ SURFHVVHV IRU GHFDGHV ³3UREOHPVROYLQJ´ FDQQRW
VLPSO\UHSUHVHQWDOONLQGVRI UHODWHG LQWHOOHFWXDOEHKDYLRUVRI
HQJLQHHUV >@0RUHRYHUDVWUXFWXUHGGHVLJQSURFHVVFDQQRW
JXDUDQWHH D VXFFHVVIXO VROXWLRQ ZKLOH D IOH[LEOH PHWKRGLFDO
VW\OHZDVUHFRPPHQGHGE\H[SHULHQFHGPHFKDQLFDOGHVLJQHUV
>@ 0F1HLOO >@ FRQILUPHG D JHQHUDOO\ DFFHSWHG
HQJLQHHULQJGHVLJQSURFHVV FRQVLVWLQJRI D F\FOH RI DQDO\VLV
V\QWKHVLVDQGHYDOXDWLRQEXW WKHWKUHHW\SHVRIDFWLYLWLHVDUH
GLVWULEXWHG IOH[LEO\ DFFRUGLQJ WR WKH SURJUHVVLRQ VWDJH 6XFK
EHKDYLRUFODVVLILFDWLRQFDQEHVLPSO\PDSSHGWRDWULSOHPRGH
SDWWHUQWKDWLVFULWLFDOIRUQRYHOGHFLVLRQGUDZLQJH[DPLQLQJ
DQG WKLQNLQJ >@ 5DSLG VKLIWV EHWZHHQ WKH PRGHV ZHUH
UDGLFDOWRUHDFKEUHDNWKURXJKGHFLVLRQV>@DQGWKHUHIRUH
UHTXLUHVWURQJVXSSRUWVIURPVRIWZDUH
7KHHQYLURQPHQWLQWHUPVRIRUJDQL]DWLRQVDQGWHFKQRORJ\
PD\EHWKHOHDVWWRFRQVLGHUEXWVWLOOQHHGWREHGHOLEHUDWHGE\
GHVLJQHUVRI&$'&$0$SKDVHRULHQWHGWDVNDOORFDWLRQ)LJ
LVDNH\GULYHURI&$[VRIWZDUHIRUPDQXIDFWXULQJLQGXVWU\
ZKHUH GLJLWDO WHFKQRORJ\ LV UHTXLUHG WR NHHS LQIRUPDWLRQ
DYDLODEOHPDQDJHDEOH DQG LQWHJUDWHG >@&$'DV D FHQWHU
VRIWZDUH V\VWHP IRU HQJLQHHULQJ GHVLJQ KDV EHHQ H[SORUHG
WKRURXJKO\LQWHUPVRIHJSURGXFWOLIHF\FOHPDVVSURGXFWLRQ
LQIRUPDWLRQIORZVDQGHQWHUSULVHKLHUDUFK\>@2QWKHRWKHU
KDQG&$0DVDEULGJHEHWZHHQGHVLJQDQGPDQXIDFWXULQJLV
DOVRDFHQWHURIUHODWHGSURFHVVHVNQRZOHGJHDQGWHFKQRORJ\
7KH ERWK &$[ GRPDLQV VKRXOG EH LQWHJUDWHG VHDPOHVV >@
ZKLOHDOVRZRUNLQJFORVHO\ZLWKRWKHUWHFKQRORJ\GRPDLQVHJ
HTXLSPHQWDFTXLVLWLRQDQGIDFWRU\GHVLJQ>@
4. Evaluation techniques and feasibility in CADCAM 
,Q UHVHDUFK DUHDV RI +&, DQG VRIWZDUH HQJLQHHULQJ WKH
JHQHUDOUHTXLUHPHQWVRIXVDELOLW\DUHIRUPDOO\GRFXPHQWHGE\
WKHUHODWHGVWDQGDUGVVHH6HFWLRQ%DVHGRQWKHVWDQGDUGV
4XHVHQEHU\¶V  (¶V >@ UDLVHG GLPHQVLRQV RI XVDELOLW\ WKDW
VKRXOG EH FRQFHUQHG GXULQJ HYDOXDWLRQ (IIHFWLYH (IILFLHQW
(QJDJLQJ(UURUWROHUDQWDQG(DV\WROHDUQ7KHVHGLPHQVLRQV
JXLGH XQGHUVWDQGLQJ RI UHTXLUHPHQWV DQG HVWDEOLVK D
IRXQGDWLRQRIXVDELOLW\HYDOXDWLRQ(YDOXDWLRQWHFKQLTXHVZLOO
EHVHOHFWHGSODQQHGLQWHUSUHWHGEDVHGTXDQWLILHGRUTXDOLILHG
UHTXLUHPHQWV DQG ILQDOO\ JXLGH D GHVLJQ WR UHDFK GHVLUHG
SHUIRUPDQFHOHYHOVLQDOOWKHGLPHQVLRQV
$ ODUJH QXPEHU RI HYDOXDWLRQ WHFKQLTXHV IRU LQWHUDFWLYH
V\VWHPVKDYHEHHQGHYHORSHGVLQFHV7KHUHDUHYDULRXV
WKHRULHV RQ FODVVLILFDWLRQV RI WKHVH WHFKQLTXHV EXW QR RQH LV
ZLGHO\DFFHSWHG>@0RVWRIWKHFODVVLILFDWLRQVDUHEDVHGRQ
>@DFFRUGLQJ LQYROYHPHQWRIXVHUVDQGFRPSXWHUV)LJ
'HYHORSPHQWRIKHXULVWLFHYDOXDWLRQPHWKRGV>@DQGPRGHO
EDVHG PHWKRGV HJ >@ H[WHQGV WKH FODVVLILFDWLRQ WR
VHYHUDO QHZ HGLWLRQV >@ &RPSDULVRQV RI XVDELOLW\
HYDOXDWLRQWHFKQLTXHV>@GUDZDFRQFOXVLRQZKLFKPDNHV
WKH SUHFLVH FODVVLILFDWLRQV QRW VR LPSRUWDQW FRPELQDWLRQ RI
WHFKQLTXHV DSSOLHG DW GLIIHUHQW VWDJHV LV WKH EHVW FKRLFH
$QRWKHU FRQFOXVLRQ LV WKDW SURILFLHQF\ RI HYDOXDWRUV LQ ERWK
+&, DQG WDVN GRPDLQV LV LPSRUWDQW WR LGHQWLI\ XVDELOLW\
SUREOHPVRIWDUJHWVRIWZDUH>@
,W LV D FULWLFDO GHFLVLRQ ZKHWKHU RU QRW WR LQYROYH
SDUWLFLSDWLRQ RI XVHUV LQ WKH HYDOXDWLRQ ZKLFK OHDGV WR WZR
PDMRU W\SHV RI HYDOXDWLRQ WHFKQLTXHV XVHU REVHUYDWLRQV DQG
LQWHUIDFH LQVSHFWLRQV ,QYROYHPHQW RI XVHUV LV SUHIHUUHG E\
PRVW HYDOXDWLRQ SURMHFWV +RZHYHU DV D SDUW RI DQ LWHUDWLYH
SURGXFWGHYHORSPHQWSURFHVVXVDELOLW\HYDOXDWLRQ LVOLNHO\WR
EHSHUIRUPHGIUHTXHQWO\&RVWRIUHVRXUFHVDQGWLPHFDQQRWEH
DIIRUGHG LI HQRXJKXVHUVDUH LQYROYHGHYHU\ WLPH0RUHRYHU
EHIRUH FRQGXFWLQJ DQ\ W\SHV RI XVHU REVHUYDWLRQV SLORW
LQVSHFWLRQV LQKRXVH DUH UHFRPPHQGHG WR HQVXUH VXFFHVV RI
IRUPDOHYDOXDWLRQVHVVLRQV


)LJ&ODVVLILFDWLRQRIHYDOXDWLRQPHWKRGV>@

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$V H[SHFWHGPRVW RI WKH UHODWHG VWXGLHV LQYROYH XVHUV WR
HYDOXDWH LQWHUIDFHDQG WDVNV LQSUDFWLFH8OOPDQ >@GLUHFWO\
UHFRUGHGPDQXDOHQJLQHHULQJ DFWLYLWLHV WRJHQHUDWH VHYHQWHHQ
JRDOV RI &$' V\VWHPV 3DUWLFLSDQWV LQ D FROODERUDWLYH '
&$'HQYLURQPHQWZHUHGLUHFWO\REVHUYHGE\1DPDQG:ULJKW
>@ DQG DQ DGGLWLRQDO TXHVWLRQQDLUH ZDV HPSOR\HG IRU
VXEMHFWLYH GHVFULSWLRQ RI XVHU H[SHULHQFHV ZKLFK SRVLWLYHO\
VXSSRUWHG WKH SURSRVHG FROODERUDWLYH &$' HQYLURQPHQW E\
TXDQWLILHGXVHUWHVWLQJUHVXOWV,QDQRWKHUFROODERUDWLYHFRQWH[W
$KQ HW DO >@ XVHG TXHVWLRQQDLUHV DV D PDMRU PHDQV WR
FROOHFW XVDELOLW\ GDWD WR SURYH ZHEEDVHG 8, RXWSHUIRUPLQJ
&$'EDVHGWRROVLQDFFHVVLELOLW\6XQJHWDO>@DGRSWHGDQ
LQGLUHFWREVHUYDWLRQWHFKQLTXHLHORJJLQJGHVLJQHUEHKDYLRUV
ZLWK &$' V\VWHPV WR DFKLHYH NQRZOHGJH PDQDJHPHQW 7KH
LPSRUWDQFH RI NQRZOHGJH FDSWXUH DQG NQRZOHGJH
FDSLWDOL]DWLRQ ZDV IXUWKHU VXSSRUWHG E\ 0ROFKR HW DO >@
ZKHUHIHHGEDFNIRUPVIURPLQGXVWU\ZHUHDGRSWHGDVDPDMRU
SDUWRIWKHSURSRVHGUXOHEDVHIRUPDQXIDFWXUDELOLW\DQDO\VLV
(YDOXDWLRQWHFKQLTXHVZLWKRXWXVHUV¶SDUWLFLSDWLRQDUHDOVR
DUHDVRQDEOHFKRLFHZLWKDGYDQWDJHVVXFKDVVKRUWHUGXUDWLRQ
ORZHUFRVWDQGIOH[LEOHSURFHVVLQJ+HXULVWLFDVVHVVPHQWZDV
FKRVHQ E\ )LFDUUD DQG 5RGUtJXH] >@ IRU HDVLQJ OHDUQLQJ
SURFHVVRI&$'LQ WH[WLOH LQGXVWU\/HHHWDO >@DGRSWHGD
WZRVWDJH HYDOXDWLRQ PHWKRG ZLWK D IRFXV RQ LQWHUIDFH
LQVSHFWLRQE\H[SHUWV%DVHGRQVXUYH\VRQDODUJHQXPEHURI
QRYLFHVH[SHULHQFHGH[SHUWV LQXVDELOLW\DQG'HQJLQHHULQJ
ZHUHDVNHGWRHYDOXDWHH[LVWLQJ&$'V\VWHPVDQGWRJHQHUDWH
QHZGHVLJQSULQFLSOHVVSHFLILHGIRUWKLVGRPDLQ
5. Conclusion 
(QJLQHHUV DUH UHTXHVWHG WR H[FHO LQ FRPSOH[ HQJLQHHULQJ
WDVNV ZLWK FRPSOH[ GRPDLQ NQRZOHGJH ZKLFK PDNHV JUHDW
GLIILFXOWLHVIURPDQRYLFHWRDQH[SHUW>@0HDQZKLOH WKH\
KDYH WR EH VNLOOHGZLWK DOO NLQGV RI IXQFWLRQV RI&$'&$0
+HQFHWKHZLGHO\H[LVWLQJFRPSOH[LW\LQGRPDLQNQRZOHGJH
WDVNV DQG WHFKQRORJ\ GHOLYHUV OLPLWDWLRQV LQ YDULRXV
GLPHQVLRQV RI XVDELOLW\ HJ HIILFLHQF\ OHDUQDELOLW\ DQG
HQJDJLQJ >@ 7KLV VLWXDWLRQ LV FRPSURPLVLQJ XVHU
H[SHULHQFHVDQGGHFUHDVLQJSURGXFWLYLW\LQSUDFWLFH
&RQFHUQHG ZLWK VRIWZDUH XVDELOLW\ +&, PHWKRGRORJ\
VKRXOG EH IXOO\ H[SORUHG WR LPSURYH WKH SHUIRUPDQFH RI
&$'&$0 LQ PDQXIDFWXULQJ LQGXVWU\ 7KLV SDSHU UHYLHZV
UHODWHG SXEOLFDWLRQV DQDO\]HV RSHUDWLRQDO FRQWH[W DQG
GLVFXVVHV H[LVWLQJ HYDOXDWLRQ WHFKQLTXHV LQ PDQXIDFWXULQJ
LQGXVWU\ *LYHQ WKH WUHQG RI GLJLWDOL]DWLRQ LQ PDQXIDFWXULQJ
V\VWHPV UHVHDUFK LQ WKLV LQWHUGLVFLSOLQDU\ GRPDLQ VKRXOG EH
FDUULHGRXWZLWKDQH[WHQVLYHVFRSHDQGGHSWK
3UDJPDWLF LVVXHV DUH DOVR LQYHVWLJDWHG LQ WKLV SDSHU
8VDELOLW\VWXGLHVDUHXVXDOO\SHUIRUPHGFORVHO\ZLWKVRIWZDUH
YHQGRUV ,Q SUDFWLFH VRIWZDUH GHYHORSHUV DUH UHOXFWDQW WR
FRPPXQLFDWH ZLWK XVDELOLW\ SURIHVVLRQV FRPSDUHG ZLWK
FXVWRPHUV¶ YRLFH +HQFH WKHVH W\SHV RI VWXGLHV DUH
UHFRPPHQGHG WREH WDNHQE\VRIWZDUHXVHUV%HVLGHVDKLJK
OHYHORISURILFLHQF\ LQ WKHGRPDLQNQRZOHGJH LV WKHNH\ WRD
JRRG UHVXOW0RUHRYHUPDQXIDFWXULQJ FRPSDQLHV RIWHQ KDYH
GLIILFXOW\WRVHOHFW,7SURGXFWV(YDOXDWLRQLQGHSHQGHQWRI ,7
YHQGRUV ZLOO EH XVHIXO IRU WKH FXVWRPHUV WR VHOHFW VXLWDEOH
SURGXFWVDQGIRUWKHYHQGRUVWRDGGUHVVVXJJHVWLRQV
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